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PURPOSE AND SCOPE 

This procedure describes procedures that will be used at the Rocky Flats Environmental 
Technology Site (WETS) to obtain measurements of surface water parameters in the field. 
These parameters are temperature, dissolved oxygen, pH, alkalinity, specific conductance. total 
residual chlorine, free chlorine, turbidity, hardness, and nitrates. This procedure describes field 
measurement procedures, personnel responsibilities and qualifications, and quality 
assurance/quality control. 

RESPONSIBILITIES AND QUALIFICATIONS 

Personnel measuring surface water field parameters will be geologists, hydrologists, engineers, 
or field technicians with an appropriate amount of  applicable field experience or on-the-job 
training under supervision of another qualified person. 

REFERENCES 

Source References 
The following is a list of references reviewed prior to the writing of this procedure: 

A ComDendium o f  Sumfind Field Operations Me&g-;:., EPN540/P-87/00 1 .  U.S. 
Environmental Protection Agency. Washington, D.C. 17; /. 

Data Oualitv Obiectives for Remedial Activities DeveloDment Process. EPA/540/G-8 7 Or 1: 
U.S. Environmental Protection Agency. Washington, D.C. 1987. 

L.R. Kister and W.B. Garrett. Field Guidelines for Collection. Treatment and Analcsis ot  

Water SamDles. Arizona District. U.S. Geological Survey, Water Resources Division. 
November 1984. 

HACH DW2000 Spectrophotometer Handbook, 1988. 

HACH ONE Electrode Svstem Manual. 9-8-89-SED. HACH Company. Loveland. C’C ) 
1989. 

Instruction Manual. Model 44600 Conductivity/TDS meter 5-23-89-6ED. HACH C m  :- . 
Loveland, CO. 1989 

Methods for Chemical Analvsis for Water and Waste. EPA-600/4-79-020. March 1% 
Methods 150.1 and 330.5. 

Standard Methods for the Examination of  Water and Wastewater. 16th Edition. Methc L 
1985. 
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The Environmental Survev Manual. DOE/EH-0053. Appendix E, "Field Protocols and 
Guidance." U.S. Department of Energy. Washington, D.C. August 1987. 

Instruction Manual. Model U- IO water quality meter 1 1-9 1 - E O  Horiba Instruments, Imine. 
CA. 

3.2 

4. 

4% 

Internal References 
Related procedure cross-referenced by this procedure are as follows: 

0 

0 

SOP F0.3, General Equipment Decontamination 

SOP F0.7, Handling of Decontamination Water and Wash Water 

SOP € 0 . 1 3 ,  Containerizing, Preserving, Handling, and Shipping of Soil and Waler 
Samples 

0 lZMRS/OPS-PRO.OS 1, Surface Water Sampling 

FIELD MEASUREMENT PROCEDURES 

Calibration procedures for the equipment described in this section are found in Appendix .A. 
Calibration and Standardization Procedures. and Appendix B, Instruction Manual for the 1 T I  

AModel 57 Dissolved Oxygen ,Meter. If feasible. field measurements will be made in 

Temperature 
Temperature measurements will be made with a high quality mercury-filled thermomersr 
having an analog or digital readout decice. This includes the digital readout on vx1ouj i ~ 1 , ~ : ~ -  

This thermometer is to have been standardized by comparison with a thermometer caIibr.iiL*.: 
against a National Institute of Standards and Technology (NIST) calibrated thermometer \ 

temperature-measuring devices will be scaled to indicate degrees Celsius and marked A 
appropriate to meet data quality objectic es. Glass thermometers will be transported in a 

protective case to prevent breakage. Thermometers will be Teflon* coated safety type. 
mm in length, and scaled from 20°C to + 1 10°C in 1" increments (VWR CAT No. 6 1 I ( I 

or equivalent). Field thermometers will also be enclosed in an armored casing to pre\ i"'i 
breakage (VWR CAT No. 61 1017-562 or equivalent). 

Temperature measurements made for the purpose of providing adjustment factors for ( 1 .  . 
field parameters will be conducted simultaneously with those related measurements. 
and methods of collection will be determined by the procedural requirements of the pri*- 
field measurement taken. Thermometer or thermistors used in the field will be standard 
least monthly against an NIST-traceable thermometer. 

Procedure: 

- 
- 
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Sampling personnel shall wear chemical-resistant gloves, which will be disposed of 
between sites, when performing field temperature measurements. 

Only mercury-filled thermometers or thermistors that are in calibration will be used. 

Inspect the thermometer before each field trip to ensure that there are neither cracks 
in the glass nor air spaces or bubbles in the mercury. 

0 

0 

0 

0 

Collect a representative grab sample from the collection point. 

If a thermometer should be broken in the field, the location will be noted in the 
logbook and the Site supervisor and Health and Safety officer will be notified 
immediately. 

0 Allow the thermometer or thermistor enough time to equilibrate to outside 
temperature when removed from a field vehicle. 

Insert the thermometer or thermistor into the sample. Swirl the thermometer or 
thermistor if the medium is calm and take the temperature reading when the mercury 
column or digital readout stabilizes. 

0 

0 

0 

Record the temperature reading in the field logbook to the nearest +OS0C. 

Decontaminate the thermometer or thermistor in accordance with SOP F0.3, General 
Equipment Decontamination. 

Liquids from decontamination operations will be handlec' ii<,xcordance with SOP 
F0.7. Handling of Decontamination Water and Wash War& 

0 

4.2 Total Residual Chlorine (TRC) 
Collect a representative 500-ml grab sample from the collection point into a sample container 

in accordance with RMRS/OPS-PR0.08 1, Surface Wafer Sampling. Pour off approuim;lrt.i\ 
50 ml to be used to determine TRC concentration. Cap remaining sample and retain in ,I cool 
location for later use in determining pH, alkalinity, and other field parameters. 

Samples for analytes that are susceptible to changes in chemical composition due to high I<\ 
of TRC must be specially preserved when this condition exists. Before collection of sanipli. ii 

a sampling site, the TRC concentration must be measured. At sites where the concentrmori \ 

measured to be 2 0.20 mgL, volatile organic compounds (VOCs), cyanide and BNA s m p  I L\ 

will be preserved in accordance with SOP FO. 13, Containerizing, Preserving, Handlinr L,j~l/ 

Shipping of Soil and Water Samples. In the event that insufficient water is available to LOI  1. 

the entire sample suite, TRC should still be measured before sampling to determine saniplc 
preservation requirements. It is not necessary to measure TRC first if VOCs, cyanide or [ 3  \ \ 

are not being collected. If the TRC concentration exceeds 0.50 mg/L for any NPDES 
discharge points, contact the Site supervisor immediately. The Site supervisor will then 
the Surface Water Manager. 

. 
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TRC measurements will be conducted with a HACH DIU2000 spectrophotometer or 

equivalent. See equipment manufacturer’s instructions for equipment-specific procedures. 
Spent AccuVacs will be disposed in accordance n,ith SOP F0.47 

4.3 

4.4 

Total Free Chlorine (TFC) 
The procedure for the measurement of this field parameter is included here to provide a 
reference for programs which may include this parameter (i.e., NPDES sampling). 

TRC measurements shall be conducted with a HACH DIU2000 Spectrophotometer or 
equivalent. Spent AccuVacs will be disposed in accordance with SOP F0.47. 

.Dissolved Oxygen 
The HACH DIU2000 Spectrophotometer, Horiba U-10, or YSI Model 57 Dissolved Oxygen 
meter, or similar device can be used for this purpose. 

In low flow conditions, the HACH DIU2000 or Horiba U-10 will be used. 

4.4.1 YSI Model 57 Dissolved Oxygen Meter 

Procedures for use of the YSI Model 57 D.O. meter are as follows: 

-E Inspect the membrane before each field use for air bubbles, oily film, andjor holes If  
the membrane is defective, it must be replaced and soaked before re-calibration in 
awmdance with manufacturer’s literature. 

0 Calibrate the meter at each site prior to use. Instructions for the calibration procsciuri. 
are included in Appendix B. 

0 Perform an in situ measurement by placing the D.O. electrode into the medium to j7c‘ 
measured and read the D.O. meter to the nearest 0.1 mg/L. Record the D.O. 
concentration and the range setting of the D.O. meter. 

If  the D.O. meter is equipped with an operational thermometer, read the water 
temperature at the time the D.O. is measured. If the meter does not provide a 
temperature reading, measure and record the water temperature as described in 
Subsection 4.1. 

0 

Consult Table 1 of Appendix B for the solubility of oxygen at the recorded 
temperature. If the measured D.O. value exceeds the solubility of oxygen at the ; I  

temperature, the D.O. value should be verified in the field by another method 
HACH DW2000 can be used for this purpose. Consult the HACH manual for 
detailed instructions. Record the second D.O. value in the comment section ot tl?: 
field data collection form. 

I 
I 

0 Protect the YSI D.O. probe when not in use to prevent the membrane from dr? !:’; : 
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or freezing. 

Sampling tools, instruments, and equipment will be protected from sources of 
contamination before use and decontamination after use as specified in SOP F0.3, 
General Equipment Decontamination. 

0 Sampling personnel shall wear chemical-resistant gloves, which will be disposed of  
between sites, when performing field D.O. measurements. 

Manufacturer’s operating manuals and calibration procedures will be followed. 

4.4.2 HACH DW2000 Spectrophotometer 

Dissolved oxygen may be measured using the HACH DIU2000 Spectrophotometer. See the 
manufacturer’s instructions for specific procedures. Spent AccuVacs will be disposed in 
accordance with SOP F0.47. 

4,4.3 Horiba U-10 Water Quality Meter 

Dissolved oxygen may be measured using the Horiba U- 10 water quality meter. See the 
manufacturer’s instructions for specific procedures. 

4.5 ‘Hi 1 

Measurements o f  pH are affected by changes in temperature. Mechanical and ch.:mical 
changes in pH measuring electrodes due to temperature change can cause erroneou? pH 
readings. The HACH One pH meter is a temperature compensating device. This or similar 
devices should be used for pH measurement to avoid introducing error. 

The pH o f  water is also affected by exposure to the atmosphere. Carbon dioxide can escape 
from an exposed grab sample, thus altering pH in the sample. As described in Subsection 4 2 
Total Residual Chlorine, the grab sample used for field parameter measurements should be 
capped and retained in a cool location to avoid pH changes. 

pH is a measure of the activity of hydrogen ions in solution. Water samples will have i a? I 11, 

ionic species and ionic strength, both of  which affect the hydrogen ion activity. Accurate 
determination of pH is difficult in high ionic strength solutions due to this phenomenon 
Proper electrode conditioning is necessary when measuring the pH of high ionic strength 
solutions. 

Meters will be calibrated daily in the laboratory or field trailer prior to field use. Meters 1 

also be checked against a pH 7.0 buffer in the field prior to use at each sampling site: BU[:L.: 
solutions will be changed periodically for calibration checks. - 
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If sample pH is less than 6 or greater than 9 pH units at NPDES discharge points. report results 
immediately to Site supervisor, mho will then report to the Surface Water Manager 

Alkalinity measurements, when required, will accompany and immediately follow pH 
measurements detailed in this procedure and are to be considered an extension of the pH 
measuring process: not as an independent operation. 

Measurements in the field will be performed in the following manner (EPA method 150.1): 

Before each field activity, check the meter for cracked or fouled electrodes and 
battery condition in accordance with manufacturer's recommendations. 

Check the instrument prior to use at the site by observing the reading obtained with a 
pH 7.0 buffer solution. The probe shall be free of contamination and dry before 
insertion into the buffer to limit cross-contamination and/or dilution of the solution. 
Recalibrate the instrument if pH is more than 0.2 pH units greater or less than buffer 
pH for the given temperature. 

Thoroughly rinse the electrode and temperature probe with distilled water and remobe 
excess water. 

Note: When measuring samples of high ionic strength, condition the electrode after 
cleaning by dipping it into a portion of thesample water to be measured. After one 
minute, remove the electrode, blot dry, and then immerse in a fresh portion.of the 
sample. 

Collect a repfkmrative grab sample from the sample point. 

Place the electrode and the temperature probe into a beaker containing the sample mii 
swirl the electrode at a constant rate until the meter reading stabilizes. The stirring 
rate should be maintained so as to minimize the surface disturbance of the sample 

0 

0 

Note and record the indicated temperature of the sample to the nearest 2 0.1"C. mci 
the pH to the nearest 2 01 pH unit. 

0 Rinse the electrode and temperature probe thoroughly with distilled water and sluri '  :!i 

accordance with manufacturer's recommendation. 

0 Sampling tools, instruments. and equipment will be protected from sources of 
contamination before use and decontaminated after use as specified in SOP FO I 
General Equipment Decontamination. 

Sampling personnel shall wear chemical-resistant gloves, which will be disposcii ( ' 1  

between sites, when performing field pH measurements. 
0 
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4.6 Alkalinity 

Alkalinity measurements will accompany and immediately follow pH measurements detailed 
in Subsection 4.5 of this procedure. Titration with an appropriate acid reagent will be used to 
measure alkalinity. Alkalinity measurements will be conducted with a HACH digital titrator or 
equivalent. Follow the general procedures described below and see equipment manufacturer's 
instructions for detailed equipment-specific titration procedures. 

Sulfbric acid reagent (0.1600N or 1.600N) will be used in the alkalinity titrations. The 
0.1600N HzS04 is preferable due to time constraints, but this higher concentration of acid is 
only to be used after previously recorded titrations indicate alkalinity greater than 100 mg/L. 

Sampling personnel will wear chemical-resistant gloves, which will be disposed of 
between sites, when performing a1 kalinity measurements. 

If the 0.1600N reagent has been selected. measure 50 ml of the 500-ml sample in a 
volumetric flask, then pour it into a 100-ml beaker containing a magnetic stir bar. 
This sample must be exactly 50 ml. 

If the 1.600N reagent has been selected. place 50 ml of the grab sample into a 100-ml 
beaker as above, or place 100 ml into a 250-ml beaker containing a magnetic stir bar. 
Leave the magnetic stirring device off until the alkalinity titration procedure has 
begun. The sample, whether 50 ml or 100 ml, is measured with a volumetric flask 
and must be exact. 

Determine the approuriate end-point pH according to alkalinity species in question 
(4.5 or 4.5 and 8.3 if initial pH>8.3). 

1 

0 

0 Prepare sample and titration assembly. 

0 Titrate to endpoint pH by making smaller additions of acid as the endpoint is 
approached. 

0 Use appropriate conversions based on reagent normality and sample size to calculJr2 
alkalinity. 

4.7 Specific Conductance (SC) 

Conductance is a measure of the ability of an aqueous solution to conduct electrical current 
is expressed in reciprocal ohms (mhos). The International System of Units uses the siemerii 
to represent mhos. The siemen will be the unit used in this procedure. 

The physical dimensions of a conductance measuring probe define the cell constant for tlic 

probe. When this constant is know and applied, conductance is converted to units of spec 
conductance (SC) (a.k.a., conductivity). Ltost waters have a SC much less than 1 siernen 
therefore, data will be reported in millisiemens (ms)/cm or microsiemens (ps)/cm. 

L; 

. 
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The HACH 4.1600 ConductitityiTDS meter has been pre-set in the factory with a cell Constant 
of 1 .O. The cell constant is determined by using a potassium chloride (KCl) standard solution. 
The temperature coefficient (used in cell constant determination) of most waters is only 
approximately the same as that of the KCI solution. The greater the temperature difference 
between the KCI standard and the sample, the greater the uncertainty in the measurement of 
SC. For greatest measurement accuracy, the KCI solution and the sample should both be 25°C. 

SC increases with temperature. The meter is temperature compensating, correcting readings to 
the standard temperature 25OC, over the temperature range 0-100°C. Thus, no error should be 
introduced in conductivity measurements due to temperature. 

The HACH 44600 Conductivity/TDS meter and the Horiba U-10 will be standardized each dab 

before field activities against a 1000 pskm solution and a 0.0 p / c m  solution. These standards 
define the limits, between which conductik ity readings are reliable. Solutions of particularly 
high ionic strength (with conductivity > 10.000 ps/cm) should be diluted to 50 percent strength 
until readings fall within the prescribed limits. If the meter is not within 10% error factor, then 
calibrate according to procedures listed in Appendix A. 

The following method will be used to measure SC in the field (EPA method 330.5): 

Before each field activity, check the meter for damage to the probe and for weak 
h t c r i e s  in accordance with manufacturer's recommendations. 

Standardize the mete? :* 

solution. 
field prior to use at each site against a 1000 p c m  

Thoroughly rinse the probe in distilled water and remove excess water by gentl? 
shaking and drying with clean paper towels before immersion in the sample. 

A 250-mi portion of the 500-ml grab sample described in Subsection 4.2. Total 
Residual Chlorine, will be measured for SC. 

Immerse the probe into the sample to a depth of at least 1-inch below the sur tx2 t ) :  

the sample. Agitate the probe gently to dislodge any trapped air bubbles and J I I L ) \ L  
the meter reading to stabilize. 

Record the temperature and the temperature-compensated reading in the dail? :-c L! 
logbook, 

Rinse the probe thoroughly with distilled water after use and dry with a clean 17.1~. 

towel. 

Sampling tools, instruments, and equipment will be protected from sources o f  
contamination before use and decontaminated after use as specified in SOP F( 1 
General Equipment Decontaminution. 

Sampling personnel shall wear chemical-resistant gloves, which will be dispo\i .: 
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between sites, when performing field conductivity measurements. 

4.0 

4.9 

4.10 

Silica (SiOz) 
In the event that Si02 measurements are needed. Silicomolybdate method is used to measure 
silica i l i  the range of 0 - 100 mg/L, and the Heteropoly Blue method measures silica in the 0 - 
1.6 mg/L range. Silica measurements will be conducted with a HACH DW2000 
spectrophotometer or equivalent. See equipment manufacturer’s instructions for equipment- 
specific procedures. 

Turbidity 
This procedure describes the measurement of turbidity using the HACH DW2000 
Spectrophotometer absorptometnc method. the Huriba U- 10, or similar device. The turbidity 
test measures an optical property of water sample which results from the scattering and 
absorbing of  light by the particulate matter present. The amount of turbidity registered is 
dependent on such variables as the size. shape, and refractive properties of the particles. This 
procedure is calibrated using formazin turbidity standards, and the readings are in terms of 
formazin turbidity units (FTC). 

Sampling personnel will wepr chemical-resistant gloves, which will be disposed between 
sites, when performing turbidity measurements. 

Enter the stored program number for turbidity., press “750 ReadEnter.” The displa) L\ 1 1 1  
show “Dial run to 450.” 

Rotate the wave length dial until the small display shows ”450 nm.” 
Press “ReadEnter.” The display will show ”FTU Turbidity.” 
Pour 25 mi of deionized mater (blank) into a sample cell. 

Place the blank into the cell holder and close the light shield. 
Press “zero” and the display will show ”wait” and then “Q.FTU Turbidity.” 

Agitate the sample designated for turbidity measurement so that all sediments are 
suspended. Pour 25 ml of the sample into another clean sample cell; place into the c i l l  
holder and close the light shield. 
Press “ReacUEnter” and the display ~ 1 1 1  show ”wait” and then the result in FTCs \\ I i !  hL, 
displayed. 
Read value and record in logbook. 

I 

Hardness 
Hardness is defined as a characteristic of ibater which represents the total concentration ( \ !  

calcium and magnesium ions expressed as their calcium carbonate equivalent (mu1 C d  ( 1 

Calcium and magnesium ions are the vrinciole causes of water hardness. Although lesb Y - 
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common in natural waters than calcium and magnesium. other ions (Le.; iron. aluminum. 
manganese, strontium, zinc and hydrogen) are capable of producing the same hardness effect 
and will be included in the results. 

Ethylenediaminetraacetic acid and its sodium salts (abbreviated EDTA) form a chelated 
soluble complex when added to a solution of certain metal cations. If a small amount of a dye 
such as Erichrome Black T or Calmagite is added to an aqueous solution containing calcium 
and magnesium ions at pH of 10.0~0.1, the solution becomes wine red. If EDTA is added as a 
titrant, the calcium and magnesium will be complexed, and when all of the magnesium and 
calcium has been complexed the solution turns from wine red to blue, marking the end point of 
the titration. Magnesium ions must be present to yield a satisfactory end point. To insure this. 
a small amount of complexometrically neutral magnesium salt of EDTA (Mg-CDTA) is added 
to the buffer (HACH Buffer Solution, Hardness 1 ); this automatically introduces sufficient 
magnesium. 

This procedures describes the measurement of hardness using the digital titration method for an 
expected concentration range of 0-250 mgi 1 total hardness. 

Sampling personnel shall wear chemical-resistant gloves, which will be disposed between 
sites, when performing hardness measurements. 

Attach a clean 90" delivery tube to a 0.800M EDTA Titration Cartridge. Tivist the 
cartridge onto the titrator body." Hold the Digital Titrator with the tip pointing up. Fltijii 

out the air in the delivery tube by ttm~itig t h d  delivery Abob until a few drops of titrant J ~ C  

ejected from the tube and no visible air r t i x ' a s  in the cartridge. Reset the count t r  io 
zero and wipe the tip. Attach the digital titrator to the laboratory stand. 

Using a graduated cylinder, add LOO ml of sample into a 125-mI erlenmeyer flask 
containing a nganetic stir bar. Turn on the magnetic stirrer and maintain a rate so as: to 
minimize the surface disturbance of the sample. 

Add 2 ml of Hardness 1 Buffer Solution and swirl to mix. The addition of this buffer ?I. I I I 
bring the pH of the solution to 1O.Ot0.1.  

Add the contents of one ManVer 2 Hardness Indicator Powder Pillow and swirl to mi\ 
The color of the solution should turn to wine red. 

Place the delivery tube tip into the solution and titrate the sample until the color ctimg:\ 
from red to blue. Titrate slowly touard the end point as it takes time for the reaction . l ! > ~  

color change to take place, especially in cold water. A limit of 5 minutes is set for [tic 
duration of the titration to minimize the tendency toward CaC03 precipitation. 

Read the concentration of total hardness (as mg/l CaC03) from the digital counter w.d 

record the results. 
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4.1 1 Nitrates 
Nitrate represents the most completely oxidized state of nitrogen commonly found in water. 
Nitrate forming bacteria convert nitrites (NO2) into nitrates (NO3) under aerobic conditions and 
lightning converts large amounts of atmospheric nitrogen (Nz) directly to nitrates. High levels 
of nitrate in water indicates biological wastes in the final stages of stabilization or run-off from 
heavily fertilized fields. Nitrate rich effluents discharged into receiving waters can degrade 
water quality by encouraging excessive growth of algae. 

This procedures describes the measurement of Nitrate using the HACH DW2000 
Spectrophotometer absorption method. 

0 

0 

0 

0 

a 

t 0 

0 

0 

0 

0 

0 

0 

0 

Sampling personnel shall wear chemical-resistant gloves, which will be disposed between 
sites, when performing Nitrate measurements. 

Enter the stored program number for Nitrate, High Range; press "36 1 Read/Enter." The 
display will show "Dial nm to 500." 

Rotate the wave length dial until the small display shows "500 nm." 
Press "Read/Enter." The display will show "mg/l N NO3 - H A V." 
Collect at least 40 ml of sample in a 50 ml beaker. Fill the rubber ampul cap with 
sample. Fill a Nitra Ver 5 Nitrate AccuVac Ampul with sample by immersing it in the 
beaker and breaking the tip along the side of the beaker. Keep the tip immersed while the 

Press "Shift Timer." A one minute mixing period will begin. Invert the 3mpul 
repeatedly until the timer beeps. Wipe off any liquid or fingerprints. 

When the timer beeps, press '"Shift Timer." A five minute reaction time will begin 
amber color will develop if nitrate-nitrogen is present. 

Fill a zeroing vial with at least 10 ml of sample (the blank). 

When the timer beeps, the display will show: "mg/l N NO3 - H A V." Place the b l m h  
into the cell holder and close the light shield. 

Press "Zero" and the display will show -*Wait," and then "0.0 mg/l N NO3 - HAV .. 

Place the AccuVac ampul into the cell holder and lose the light shield. 

Press ''ReacVEnter" and the display will show "Wait," then the nitrate result in m g  i 
nitrate-nitrogen (N03-N) will be displayed. Record the value. 

Spent AccuVacs will be disposed in accordance with SOP F0.47. 

ampul fills completely. Cover the ampul u i t h h e  cap. 1 

\:I 

5. QUALITY ASSURANCE/QUALITY CONTROL 

Quality assurance (QA) and quality control (QC) activities will be accomplished accord . 

applicable project plans as well as quality requirements presented in this procedure. 
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Equipment inspection and Calibration QC requirements for each field parameter measurement 
procedure are described in Section 4.0 of this procedure. 

6. DOCUMENTATION 

Information required by this procedure will be documented on the Surface Water Data 
Collection Field Notes Form (Form SW. 1A. NPDES log sheets are described in the 
NPDESiFFCA Operations Sampling Plan. Use of this form is described in 5-2 1000-OPS- 
SW.01. Surface Water Data Collection Activities. Data required by this procedure include 
calibration records and measurements of temperature, D.O., pH, alkalinity, SC, TRC. TFC. 
turbidity, hardness and nitrates. 
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APPENDIX A 

CALIBRATION AND STANDARDIZkT?ON 
PROCEDURES 



These instructions are for the use of persons who will perform field measurements on a 
daily basis and are not intended to either supersede or supplement required periodic 
laboratory calibration or manufacturer's guidance for initiation of new equipment. In all 
cases. care will be taken to ensure that reagents and standards are employed that have not 
exceeded their expiration dates. 

Standardization is the process of determining the deviation between the known value of a 
standard and the value for that standard measured by an instrument. Calibration is the 
process of adjusting an instrument by that deviation such that known and measured values 
for a standard are equivalent. 

A.1 THERMOMETER AND THERMISTOR STANDARDIZATION 

Measured values of specific conductance. pH, and D.O. are all temperature-dependent and 
the instruments used to measure these parameters also measure andor compensate for 
temperature effects. Therefore, accuracy of the temperature measurements obtained with 
these instruments, as well as any thermometers utilized to measure temperature, must be 
determined and a record maintained. 

Laboratory temperature standardization of these instruments will be performed and 
documented on each instrument monthly. The thermometers and thermistors in 'each 
instrument being utilized will be standardized against a thermometer traceable to an SlCT- 
calibrated thermometer. Accuracy will be determined throughov. . I  -: expected \vorkiilg 
range (generally 0" to 35°C). A three-point standardization within :IK working range n i l 1  

be used to verify accuracy. The following procedure will be followedi 

1. Have ready solutions of water in the following temperature ranges: 0 to 10°C; 15  to 

25°C; 30 to 40°C. 

2. Immerse the thermistor or thermometer and the NIST-traceable thermometer into the 1 1 -  

10 "C solution. After allowing time for readings to stabilize, record the readings ut t tic 

NIST-traceable thermometer and the thermistor or thermometer being standardized 

3. Repeat Step 2 using the 30-40 "C solution. If the temperature value of the thermibror 
can be adjusted from external control knobs on the instrument, then the temperaturc 
reading of the instrument should be adjusted to the temperature reading of the h I5 I - 

traceable thermometer and the adjusted value noted in the logbook. 

4. Repeat Step 2 using the 15-25 "C solution. 

5. Thermometers must read within 1 .O"C of the NET-traceable thermometer. 
Thermometers reading outside this range will not be used for field measurements 
Thermistor readings should be within 2 2°C of the NIST-traceable thermometer 

A- I 
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Instruments with temperature readings outside this range should be returned to the 
factory for calibration. 

A.2 CALIBRATION OF THE HACH DW2000 SPECTROPHOTOMETER 

The HACH DW2000 Spectrophotometer. used in the measurement of total residual 
chlorine and other parameters, is pre-calibrated by the manufacturer. Consult the HACH 
instrument manual in the event instrument problems occur. 

A.3 CALIBRATION OF THE YSI DISSOLVED OXYGEN (0.0.) METER 

A.3.1 Calibration in the Base Laboratory 

Calibration of the D.O. meter will be performed daily before leaving the base laboratory to 
check the meter to see if it is in proper working order. This calibration procedure is as 
follows: 

0 Prepare an oxygen-saturated calibration solution by agitating 200 ml to one liter of 
distilled water vigorously for approximately five minutes or agitate in blender for 30 
seconds. 

Turn the instrument to the “Red Line” setting and adjust the meter needle to 
correspond to the red line on the instrument. 

Turn the instrument to the zero setting and adjust the meter reading to read zero. 

Place the probe into the saturated water. Read both the temperature and the D 0 
value. Consult the chart in the manufacturer’s literature and adjust the meter scale [c) 

the value of saturation at the measured temperature and atmospheric pressure. 

If the instrument cannot be calibrated to within 2 10 percent of the standard value. i t  

will require maintenance and re-calibration prior to use. 

1 

.. 
0 

0 

A.3.2 Field Calibration 

Calibration of the D.O. meter in the field will be performed at each sample site with an \ ,  i 

Calibration Chamber. This device (YSI number 5075, or equivalent) permits calibrariori t 1 ’  

the D.O. meter at the temperature of the water in which the D.O. is to be measured. tht.r;r-\ 
minimizing errors due to temperature differences. Steps to follow for calibration are I I > [ L L  
in the instruction manual for the YSI Model 57 Dissolved Oxygen Meter. Please re tcr t t  1 

page 12 of Appendix B for calibration procedures. Figure 8, also on page 12, is a u x  I i i  I 
diagram found in Appendix B, illustrating the parts of the calibration unit and the D ( ) 
probe, and is referred to in the calibration text. 
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A.4 CALIBRATION OF THE HACH ONE pH METER 

All pH instruments will receive a daily-pre-use calibration and a post-use standardization. 
both of which will be recorded in field logbooks and base lab notebooks. Before use at 
each site, the instrument will be checked against the pH 7.0 standard buffer. If the 
instrument reading is not within 2 0.2 pH units of the standard buffer, the instrument must 
be re-calibrated. 

These procedures will require the use of buffer solutions of the type listed below as 
required by the manufacturer: 

0 pH 4 buffer - potassium hydrogen phthalate 

pH 7 buffer - potassium phosphate, monobasic, and sodium phosphate, dibasic 

pH 10 buffer - sodium carbonate-bicarbonate 

Instructions for pre-use calibration are: 

0 

Depress the pH key. 

Turn meter on by pressing POWER key. The display will light. P 

Next. press the AUTO/MANUAL key. The AUTO indicator should now be lit, the 
S1 and pH indicators flashing, and all zeroes appearing on the display. 

Remove the cap from the electrode/temperature probe and place the prokx ‘nto a 
stirring pH 4 buffer solution and press the potassium chloride dispenser i w i t o i I  

Allow approximately 30 seconds aher dispensing electrolyte before perh,  & - I ! [ I ~  [he 
next operation. 

The STANDARD key may now be depressed, Wait until the pH indicator stops 
flashing. The S2 indicator will begin flashing and the actual pH value will appear c ~ n  

the display. (Note: The display will indicate the actual pH value at the actual 
temperature of the buffer solution. Consult the variation chart provided with the 
instrument to determine if the instrument is within appropriate parameters). RtxorJ  
the indicated pH value and temperature. and the adjusted pH value of the buffer Jt 

indicated temperature from the chart in the logbook. 

Rinse the electrode/temperature probe with distilled water and blot dry with 3 L I L J ! ~  
paper towel. 

Place the electrode/temperature probe into a stirring pH 10 buffer solution and ~ igt l , : l  

press the dispenser button. Wait at least 30 seconds before continuing. 

Once again, press the STANDARD key. S2 will stop flashing. After the pH 
indicator stops flashing, the actual pH value at the given temperature will appeJr OP 
the display. Record the indicated pH value and temperature, and the adjusted p t i  
value of the buffer in the logbook. 
If, during calibration, the digital readout fails to stabilize in any of the solutions. 
replacement of the pH electrode and/or the temperature probe may be necessan 

- 
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Press the pH key. 
Rinse the electrode/temperature probe with distilled water and blot dry with a clean 
paper towel. 
Place the cap on the probe and place the instrument in the case. 

This instrument is now ready to perform pH measurements. 

DO NO PRESS ANY KEY OTHER THAN THE pH KEY at this point or the entire 
calibration procedure will be nullified. 

At the end of the day, a post-use standardization will be performed on the instrument. The 
pH of the 4,7, and 10 buffer standards will be measured with the instrument. The values of 
the standards and measured values will be recorded in the appropriate base lab logbook. 
Measurement and documentation of the standard buffers will ensure and document that the 
instrument is still functioning within acceptable limits. Acceptable limits for the 
instrument will be within 2 0.2 pH units of the standard. If the instrument does not 
consistently stay within these acceptance limits, then it will become necessary to calibrate 
the instrument prior to use at every site. The sample manager will consult with the site 
supervisor and QA officer, and the QA officer will decide if calibration at each site is 
necessary. 

.- 
A S  3TANDARDIZATION INSTRUCTIONS FOR THE HACH DIGITAL TITRATOR 

Yd37 ALKALINITY TITRANT REAGENT USED FOR THE FIELD 
hgir -."$IREMENT OF ALKALINITY 

Nde:  This procedure assumes that the concentration of the purchased alkalinity standard 

is correct, and therefore the reagent titrant is the solution being standardized. 

Calibration of the pH meter will first be accomplished in accordance with Section ,-I 4 o t 
this Appendix. Standardization of the digital titrator with sulfuric acid reagent (0.160O\ kir 

1.600N) will be done monthly or each time a new lot of reagent is received. The 
standardization procedure will be accomplished as follows: 

Measure 50 ml of a 100-ppm alkalinity standard in a 50-ml volumetric flask 
Transfer this solution into a clean beaker containing a magnetic stir bar. 
Place the beaker on a magnetic stir plate. 
Load the digital titrator with the appropriate reagent cartridge (0.1600N or 1 60( J \  

&Sod. 
Position the pH electrode and digital titrator-dispensing tube into the beaker 
containing the 50 mls of the 1 00-ppm alkalinity standard. 
Adjust digital count setting knob to ensure that the counts on the digital titrator . I [  

at zero. 
. 
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Turn on the stir plate and stir the 50 mls of the 100-ppm alkalinity standard at a rate 
that will keep the solution well mixed but not cause splashing. 

Measure the initial pH of the solution. 

Slowly add titrant to the solution. Decrease the rate of addition as the pH approaches 
5.0. 
Continue to add titrant until the pH lowers to 4.5. 

Record the amount of titrant (number of digital counts) required to bring the pH to 
4.5. 

Multiply the number of digital counts by the appropriate conversion factor (0.2 if the 
0.1600N HzS04 was used, and 2.0 if the 1.600N reagent was used). 

Record this result as ppm alkalinity in the base lab notebook. 

If the value obtained is not within 2 10 percent of the alkalinity standard, then either 
the acid reagent concentration is not correct or the digital titrator is not dispensing 
accurately. The problem must be resolved and corrected. Acceptable titration to 
within f 10 percent of the alkalinity standard will be obtained before the titrator and 
sulfuric acid reagent is to be used. 

A. 6 CALIBRATION INSTRUCTIONS FOR HACH MODEL 44600 
CONDUCTlVlTY/TDS METER 

The HACH Model 44600 Conductivitj/TDS meter will be calibrated daily in the laboraton 
prim to use in the field. The instrument wifl not receive a post-standardization since i t  \\ ! I  -. 
be standardized in the field prior to use at each site. 

Note: A reading within 2 10 percent of the value of the conductivity standard ( 10.ObO o r  

1,000 ps/cm) and 100 pskm for the zero conductivity standard (distilled water) IS n i thin 

acceptable limits and the meter may be used for field measurements. However. the itic:cr 

should always be set to read as close as possible to the concentration of the standard I bi '  

procedure for calibration of the meter is as follows: 

0 Press the POWER 1 key and CND key. Verify that the LO BAT indication does i T l ( ' t  

appear. If LO BAT is indicated, the battery will be replaced. 

Place the instrument probe into the calibration solution to a depth of 1 inch or n ~ (  ri' 

beyond the vent holes and agitate vertically to release entrapped air bubbles 
Adjust the displayed reading to the value of the conductivity standard and allo\\ 
reading to stabilize. 

Record the display reading in the logbook. 

Press the "C key and record the display reading in the logbook. 

Remove the probe from the solution and rinse thoroughly with distilled water 

0 

0 

0 
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Place the probe into fresh, distilled water and repeat the steps indicated above. 
recording the appropriate readings. This establishes a zero point or lower bracket 
reading. 

The instrument is now ready to perform measurements. 

Repackage the instrument and probe in the case for transport. 

Note: In the field, the instrument will be standardized against an appropriate 10,000 or 

1,000 p / c m  standard solution. 

A.7 STANDARDIZATION INSTRUCTIONS FOR THE HACH DIGITAL TITRATOR 
AND HARDNESS TITRANT REAGENT USED FOR THE FIELD 
MEASUREMENT OF HARDNESS 

Standardization of  the digital titrator with EDTA reagent (0.800 M) shall be done monthly 
or each time a new lot of reagent is received. The standardization procedure will be 
accomplished as follows: 

a 

'0 

a 

a 

a 

a 

a 

a 

a 

a 

Attach a clean 90' delivery tube to a 0.800M EDTA Titration Cartridge. Twist the 
cartridge onto the titrator body. Hold the Digital Titrator with the tip point up. Flush 
out the air in the deli\ ery tube by turning the delivery knob until a few drops o f  titrant 
are ejected from the tube and no visible air remains in the cartridge. Reset the 
counter to zero and wipe the tip. Attach the digital titrator to the laboratory stand. 

Using: gaduated cylinder measure 20 ml of the Calcium Standard Solution. 1000 
mg/l as Ca$O!. 

Transfer thissolution into a clean 50-mi beaker containing a magnetic stir bar 

Turn on the magnetic stirrer and maintain a rate so as to minimize the surface 
disturbance of the sample. 

Add 2 ml o f  Hardness i Buffer Solution and swirl to mix. 

Add the contents o f  one ManVer 2 Hardness Indicator Powder Pillow and snirl 
mix. The color o f  the solution should turn to wine red. 

Place the delivery tube tip into the solution and titrate the sample until the color 
changes from red to blue. Titrate slowly toward the end point as it takes time tor l b i .  

reaction and color change to take place, especially in cold water. A limit o f  5 iiiifii.:b \ 
is set for the duration o f  the titration to minimize the tendency toward CaCO; 
precipitation. 

Read the concentration of total hardness (as mg/l CaCO3) from the digital countc: 

Record this result in the base lab notebook. 

I f  the value is not within 
concentration is not correct or the digital titrator is not dispensing accuratel) I bL 
problem must be resolved and corrected. Acceptable- titration to within 5 10 pcri  
of the hardness standard will be obtained before the titrator and EDTA reagent 
be used. 

10 percent of the hardness standard, then either the Ti'-\-. 

' 
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TWO POINT CALIBRATION OF THE HORIBA U-10 pH PROBE 

The instrument must read within 2 0.2 pH units of the standard buffer. 

Zero Calibration 

0 Use a pH 7 standard solution for the zero calibration and place the probe into the 
solution. 

0 

0 

With the power on, press the MODE key to put the unit into the MAINT mode. 
Press the MODE key again to move the lower cursor to ZERO. 
Use the SELECT key to move the upper cursor to pH. 

When the readout has stabilized, use the UP/DOWN keys to select the value of the 
pH 7 standard solution at the temperature of the sample. 
Press the ENT key to complete the zero calibration for the pH. 0 

Span Calibration 

0 Use the pH 10 standard solution for the span calibration and place the probe into the 
solution. 

Use the MODE key to move the louer cursor to SPAN. 

Whw the readout has stabilized. use the UP/DOWN keys to select the value of the 
standai.’ solution @tkWpperature of the sample. 

Press the ENT key to complete the span calibration for pH. 

0 

0 

F .  

TWO POINT CALIBRATION FOR THE HORIBA U-10 SC PROBE 

A reading within 2 10 percent of the value of the conductivity standard is within acceptable 
limits. 

Zero Calibration 

0 

0 

0 

This calibration is carried out in atmospheric air; no solution is needed. 

Use the MODE key to move the lou.er cursor to ZERO. 
Use the SELECT key to move the upper cursor to COND. 

Use the UP/DOWN keys to set the readout to zero. 

Press the ENT key. This completes the zero calibration for COND. 

Span Calibration 

Wash the probe in de-ionized water and place into the conductivity standard solti[ 

Use the MODE key to move th,- lower cursor to SPAN. 
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After the readout stabilizes. use the UPDIDOWN keys to set the value for the 
standard solution. 
Press the ENT key to complete the span calibration for the COND range. 

A.10 TWO POINT CALIBRATION FOR THE HORIBA U-10 DO PROBE 

Zero Calibration 

0 

Use a solution of sodium sulfite dissolved in de-ionized water. 

Add 50g of sodium sulfite to 1000 ml of water. Stir to dissolved. 
Wash the probe and place it in the zero solution. 

Use the MODE key to move the lower cursor to zero. 

Use the SELECT key to move the upper cursor to DO. 
After the reading has stabilized, set it to zero using the UP/DOWN keys. 

Press the ENT key to complete the zero calibration. 

S ~ a n  Calibration 

Put 2 liters of  de-ionized water into a blender and agitate until the solution.is oxygen 
saturated. 
Wash the probe and put it into the span calibration solution.. 

Use the MODE kep rp 1 ; w e  the lower cursor to SPAN. 

AfVr the readout has stabilized, while slowly moving the probe up and doun in [tic 
solution, set the readout value to the appropriate DO value for the temperature 
solution. 
Press the ENT key to complete the span calibration for DO. 

e y-. .. 4 \ 

r ~ i c  
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INSTRUCTION MANUXL FOR THE YSI MODEL 57 
DISSOLVED OXYGEN METER 
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